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~ ABSTRACT

‘The testing of a new method for collecting ratip _o_f__'erceiv_ed exertion
lat 12 treadmill exercise. MS in Adult Fitness/Cardiac Rehabilitation, December
1997, 46pp. (R. Mikat) | _ .

- The purpose of this study was to test a new method for obtaining ratings of perceived
- exertion (RPE) during treadmil] exercise. The new method utilized an analog dial fixed
to a potentiometer on which a range of 0 to 80 ohms could be elicited, Subjects for this
investigation consisted of 26 members of the University of Wisconsin-La Crosse baseball
team. The Ss were randomly split into two groups. The first group (n = 13) utilized the
- Borg scale, and the second (n = 13) the analog dial, Each S participated in a Bruce
~ protocol maximal graded exercise test, At 30 sec intervals, RPE, HR, and VO, were
- obtained. A correlational analysis was then performed between the variables for both the
- anglog dial group and the Borg scale group. The results showed a significant (p < 0,05)
relationship between RPE and HR (p = 0.92), RPE and VO2 (p = 0.93), and HR and VO,
{p = 0.89) for the analog dial group, Likewise, for the Borg scale group, results showed
~ significant (p < 0,05) relationship between RPE and HR (p = 0.85), RPE and VO, (p =
0.91), and HR and VO, (p = 0.92). Ftests (26,26 = 2,58: alpha = 0,02) revealed no
significant differences between Borg scale and analog dial correlatior coefficients. It was
concluded that analog RPE correlates significantly with the physiological variables of HR
and VO,, but not significantly better than Borg scale RPE. Also, the analog scale shows a
“curvilinear relationship with percent of the graded exercise test completed. '
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INTRODUCTION
Phys:cal activity has tong been ptomoted as a method ot’ maintaining quality of
Ilfe dnd health (1,2). Lxermse ‘;ClentISlb have developed mtmy methods of obtaining

phye;olog,:cal vanables in order to monitor phyeioal actiwty and exercme test and train
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_ indiwdualb. This aequmtton of physiologica] data makes it posmble for peOple
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optlmize their activity Ievels for maximum health and fitnesq
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Some of the physiological variables obtained durmg exermse include
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' medsurements of heart rate (HR), oxygen consumptlon (VOQ) blood pressure ventllat:on
and blood lactate concentration, Many of these measuremente, require soplltstioa_ted _
equipment and tratned personnel (2). Ratings of percewed exertion (RPE) boalee are
often used as an ad_]unotwe measure to phystologlcal funct:oning. or can be analyzed _as i
sepurate measure,

“Rating perceived exertion involves the detection and interprotation of sensauone
- ansmg from the body durtng physwal exercise (23), In other words, it is a way to collect
~ subjective data on how a person feels durmg eXerc_ise.
' Many RPE soales have been. developed (4, 6 15 23), but the most notable and

highly uaed s Borg s 15 pomt rat:ng scale of perceived exertlon (4) In an experlmental

' .study deveIOped by Borg (5), this soa]e and three others were compared It was




~ concluded that there is fundamental relationship between physiological and

psyohologloal Indicators of stress,

I‘he Borg st:‘tle is the most wrdely used tool to measure percejved exertlon duri Ing

. exert:t.se (3 10, 1, 12 l3 17, 22 25 26,28,29,30), One potent:al shortcommg to this aoale 18

ltb limited (15 point). range ofnumber.b Fifteen | pomts may not be enough to adequutcly

debcribe how & porson B t‘eeltng during exerclse. Boeuuae of this ltmttatton an analog

- aoale may be more appropriate for the assossment of percelved exertlonr .

Andlog scales provide ratio data. Charaoterlsttos of a ratio sculo include data

'-—categorles that are mutually excluswe have o logical order and are scaled aocordtng (o

._the amount of the oharacter:stlc they possess (14). Furthermore cqual dtfferences in the

oharaoterlstrc are represented by equal dtfferences in the numbers aqsrgnﬂed (0 the

. oategortea and the pomt zero reflects an absence of the chardcterlstrc ‘When using an

analog soale to rate petcorved exertion, each number reprehents a dtfferent sensation,

PercoWed aensat:ons as measured on the tmalog scale, moreaaed In mtenqtty from

0 ohms whtoh indicated a perceptlon of minimum effort to 80 ohms, which indicated a

peroeptlon of maxtmal oxertton. A ratmg of 40 ohms, which was exac.tly lmlf'way

between the minimum and maxrmum numbers, represented a perception of ex’ertion

N whroh was halfway to maxrmum.

Data collected from analog scale% are highl y detailed. Fractton

S of numbers may

" be ellc1ted by subjects These data prowde richer and more exact mformatton than those




_ collected from other types of scales. The examination of analog data may then make it
caSiIer"ﬂtO distinguish subtle changes and pattems in the perception of exertlon,
Patterns of exertion were examined by Noble Borg, Jacobs. Cecl, and Keiser (2 D,
L '.who performed asturiy in which perceptual ratings exhlbited q quadrauc (squa:e) trend
'. This nonlinear trend may be more preferably lnvestlgated with an analog scale.
' The purpose of this lnvestigatien was 1o test a new method of obtaining RPE
'_ durmg graded treadmill exercise by correlatmg RPF values‘ with HR and VO, This new '
I . -method utth?ed data from an analog dial which was compared with deta obtained from a
traditional 15 pomt Borg scalei' . .
~ METHODS
-  subteds T

Subjects for this investigatlon consiqted of 26 male volunteers, between the . ages

: o of 18 and 23 (20 54 + 1.3 years) The mean helght was 181 71 46, 2 cm, and the meen

: we1ght was 82, 83 +9.3 kg (eee Table 1) All subjects wers members of the University of
Wlsconsm-_La Crosse bascball team. The sample was ra_ndomly split into two groups, 13

in the Borg scale group and 13 in the analog dial group.
Table | Deseriptive characteristics of subjects
Standard Deviation ~ Range

1.3 - 18-23
6.2 ~170.13-193,04

83 65.45-102.27




~ Pretest Procedures

One to two days prior o participating in the study, subjects were g,wen 8 written

remmder (see Appendlx A). Prior to pattlcipation L data collectlon {l health hi«;tory

questionnmre was administered (see Appendlx B) and volunl'lry lnt‘ormed coment was

- obtdined (sec Appcndlx C)

Subjects were thcn wclghed and measured for !1elg,llt, and

gwen verbal lnstructions about lhe fest,
. Test Procedures
Testing took pl'ace_i"n_the Human Porfonnance Laboratory on the campus of the
, -_University of Wisconsin-—La Crosse, Each subject underwent a maxnﬁal treadmill gruded
-exercise test usmg the Bruce protocol (see Table 2) Every 30 seconds during the teSt.' :
. VOz, HR, and RPE were obtalned

Table 2, 'B.ruc':e troadmil! protocol' '

Stage  Minutes




_Expircd air was onitl)fZed' for detormination of VO, (ml-kg'!.

min’'y by open cirenit

- s.]nromctry using the Q- Plox I autonmted gas system (Q Plex, Qumton Instrumt.nts

Bothell, WA) Callbratlon prtor to each test was dono usmg known gas concentrations

o prewouqu determined by the mlcro Scholonder techmque. Volumo utlibmuon was

 performed with 3.002 liter syringe at various flow rates, Heart rates were recorded

usirtg Polar Vontago XL heart rate monitors (Polar-?CIC Inc., Port W.whmgton NY)

Ratlng of percewed exertton was recorded using either the Borg 15 point sca]e or

the unolog dial (.5ee Appendtx D). The subjeots who used the Borg scale chose a number

by pomtmg to the scale whroh was p]aced in front of them (see Appendtx E)

The rmologue diul was pomttoned next to he subject s dominant hand. It

- consisted of a 0-100 ohm RadioShac, N

dig,ttdl ohm meter (Tandy Corp y Fort Worth TX) SO thut a tange of 0-80 ohrm could be

elicited. The 180 degree dml was anchored wrth the key terms “reSt” to the Ieft and

“max" to the rtght Each subject adjusted the dtal every 30 seconds when the tester said

”‘RPE” (see Appendlx F) After udjustmentq were made, ohm values we_ro recorded by
the lester, -
- Statistica) Analysis .
Ddtd were analyzed ustng the SPSS 6 1.2 for thdows 3.1 statiStical package.

Descrtptwe statlsucs wore run to characterize the subjects and Ftsher S Z transtormations

were executed to test all data for normahty Spearman tho COr "e]dtIOI‘IS ( 14) were




"pclfm med between the vnrmblu I IR VOQ. and RPE, The level of significance was sef ot

p < 0 05 F 10.:»!5 were por!omml 10 CIILCI\ for Slglll“c mt dlllcunccs huwcul the Bmg

ﬂncl analog dial corre[auon coettlcwnts. A Bonl‘croni udju.stmcnt wils putormcd to adjust

' thc alpha lwc,l In orclcr 10 avoid the lccumulalion of Type ! umr.

i UL‘TS

_-ma%

Fisher's Z transtormations revealed that the data were not sufficiently nomml o

zldmlnlstcr Pedtson producl -moment concluuons thclcfow data was utmlyzul u:aln&,

' .Spcurmun tho conclullons., Thc corrclution coefﬂc:cnts batwcen RPE, HR, and VO, for

both Borg .scalc und analog dial group.s are presentcd in Table 3 All Cor rciations Were -

- Mg,nmcant and rupre.scnlcd ..strong relauonshlps betwccn vurlablcs.

The correlatlom bctwcen RPE and HR and RPE and VO, were 0. 8’5 and (0.91,

' rcbpcctwely, for the Bou, .scuie p_,roup For the same }:,IOUIJ the (,Urrclduon bctwccn HR

b and VO, was 0,92, Slmilurlyi he correlations tor the mmlog’dia] gmup were 0.92

p bclween RPE and HR, 0 93 between RPE and VO,, and 0 89 bctween HR and VO'}.

Table 3. Results of co:rclanonnl analysis

P
(Borg)

0.85*
0.91*
HR/VO, o oo

- p Spearman rho corrclauon coefﬁclent

Slgmﬁcant rclatnonsh:p between variables (p<0.05)




B F tes’ts were porformed to determine if significant differences existed botWeen oor‘rolation

cocffrcronts from the Borg scale und tho dml A crmoal F valuo (26 26 = 2 58, ulpha =
. 0 02) was ot;tabllshod and F valuon for these tests were | 091 for RPE/HR 1 019 tor

RPENOg, and 0. 9699 for HRNO;. Rosults of the tests revealed no significant
drfferences between oorro]atron ooofflorcntq from tho Borg and analog dial groups
DISCUSSION .
The purposo of this mvostrgatron was to test A new method of obtamlng RPE
. durmg treadmrll exercise. Thrs was done by comparmg the new rnethod wlth a technique
'whrch has been provrous]y f‘ound to be valld and rolrablo the Borg 15 point ranng .soalo of .
' Tporcowed sxertion, Both scales were hrghly correlated with the physiological variables 'of
HR ond VO;;. Further tho analog dial appeured to have similar correlation values to

'thoqe obtained with the Borg scuio.

' Severul studlos have roveulc-d results similar to those t‘ound in thu*. invesugnuon. '
' Bnr-Or, Skinner Buqkirk und Borg (3) determmed tho relanonship between RPE and HR |
durmg bicycle and treodmill exercise In 41 to 60 year old men who vaned in condjﬁjornng .
. 'lovol and in body fatnesv. The lnvostigators founrl conolation coefficicnts of 0 77 ond
' 0 80 f‘or the bicycle and tho treadrmll rospecliw,ly Eston and Willimm (l 1) found a
blrghtly lower rolutlomhip betWeen RPE und HR for bloyclo exercise in adolosoont boyt. (r
= (), 74) The hrghest correlation botweon RPE and HR (r=0. 95) was found during

rowmg orgomotry (18) Anothor lngh correlution wns discovotcd by Gnmberalo ( 12) Ho

) found i cocfflclont of 0. 94 in mulo univorsny qtudonts during oyclo ergometry A




. | correlmlon of 0.84 was Iound for Japamsc male aduluccn!s durmg .sulmmxmml ttuulmlil
runnmg (‘9) Lustly. Smutok Skrmar, and Pundolf(28) dc,tcrmmed wt‘rdutlon
coefficients to be 0..85-0.87 for three trials of traudmill cxerciSc. _

This study revedled corrclmloncoefhc:ents betwcen RPE ..md VO, ol 0. 9| .md

) 93 for the Borg ..scnlc mcthod and the unalog dlul tmlhod rupuctwdy These values

are slightly hlghu‘ thtm those tound by most rcsearchurx.

~ Smutok bl uI (28) tound 0 LOI‘I‘LlullOIl mcfﬁuun of 0, 87 between RPE und VO,

__d'urmg, trmdlmlluxucmc. This value cloqely--upprouchcq thosc found by Edwm‘d«:,

Melchel Hesscr, WI;,CIblL. und Ekclunri =0, 88 (9) and Surgcanl and Duvm ' 0 )

o (24) Go.,slm and Rorke (13) observcd a lower relatlonalnp buweu: RPE and VO, 'Ihuy'

. sludlcd thcsc vurmbles durmg bm.kpuck load carriugu, for co!lq,e ug,e men, and ound
corrclutions of 0. 7I und (.80 at two d:m,renl hpecdh. In un nwebtigutmn usm&, Jupunc.su .
malc subjcct.s ( 19) i wrrelutlon of O 76 was dutcrmmcd

[‘lu, litumlurc kug,gusts. thut the RPENO; reluhomlnp 18 not U8 strong as the
'RPE‘JHR t‘b]llllOI‘lhhlp Knmon, Pundolf und Cnfarclli (16) und lonu, Dmlcl uml
l‘undolf (‘30) fouml nmch lowu c,orrclutlon..s lhun thoac bllldiLH dcsuilnd uhove und th
Lllrrml llwesllgnlion. A Ldrrblilll()rl c,m,lficit,nt Of 0. 52 was observed dlll inb L}’(.-|L
ergometry (l6), aml during water cxcrt,isc i vnluc of 0. 51 wus tound (30) A possible

‘reason for the lower correlation during water exercise mu"y _bc t_hc cold environment in

~ which the subjects were tested (20°C), The results of this investigation further support




the majority of research whtch demonstrntcs a fundementul relationship between RPF 'th"
VOg. .
Rattng of percewed exertton 1S used as an adjunctive measure to phystologtcal
funcnonmg such as HR and VO; Along with thts apphcatton percewed exertton can be

anulyzcd as a separate measure. Thts can be done by examlnmg the progtessmn of RPE |

throughout incremental exeroise. Several studies have analyzed this, and have found Q-

Itneat relattonshtp between Borg scale RPE and workload (7, 8 11 20 25,26, 28 3 ). The .

results of the present study support this ﬁndmg Appendtx G presents a scattet plot of
Borg scale RPE and percent of the graded exercise ttme. One hundred percent of the

' graded exercise ttme represents max:mal exertton W) the endpoint of the test. This plot

graphtca!ly demonstrates lmeanty

It was stated in theintroduction of this inVeStigation. that utilizing an analog scale

to assess Rl‘-‘E may result in a more ut-depth anelysrs of subJeetive feelmgs during

exercise. Appendtx H represents A scatter plot of RPE, obtained from the analog dial, und

B percent of the gtaded exercise ttme. Graphtcal mterpret.ttion of this figure suggest that g

o curvrlinear relatlonshrp extsts between variables.

Similar curviltnenr relntionshlps between RPB and physiological vnnables have
been observed by other researchers. Sktinar, Ingram, and Pandolf (27) t‘ound o
_ curvilmear relationship between RPE and epinephrine and norepinephrine for women '

dunng treadtnill exerclse. Moreover, Skrinar et al, (27) t‘ound a quadrutio trend between

_ RPE and b]ood luctnte Ievels durtng exercise.




| "'I‘hc prescm investigniion suggcst's' (WO pointt;-.' First u'nﬂl'og RPE correlates
o s1gmf|cuntly with the physlologlcal vanables of HR and VO;, but not s:gmhcuntly better

. than Bor;_., *.culc RPE Second the analog scale shows o curwlmeur rt,ldtmn.shlp wnh

. pr.,rccnt of thc ;,raded cxerc:.sc umci

lt ls sugguslcd that further rcqeurch in RPE techmques wluch utilize nnul% dial
scales be conducted o nwcsttgutc the relutlon.s.hlp betwcen RPI-* und phyhlolog,lcnl
vurmblcs-and workload. _Speciul attention sh’_oLiI(l be paid to relinbitity, validity, and

linearity.
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Rating of Perceived Exertion Study

'REMINDER

Déar - \

You have agreed to participate in a study of perceived exertion on - . Your
participation will involve performing a treadmill exercise test. This test will be _
- performed in the Human Performance Laboratory which is located in Room 225 Mitchell
Hall, The time which you have previously signed up for is _ . Your

promptness is appreciated.

You should abstain from food, t_obil_cco, alcohol, and ciaffe_ine for at least three hours ptior

- totesting. Clothing should permit freedom of movement and should include comfortable
- running shoes, ' | - - S

If you have any questions, please feel free to contact me at 784-8676.

Thank You!
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'HEALTH HISTORY QUESTIONNAIRE
S Name_ — _ . Dt
Please answer yes or no to the following questions. If your answer is yes, please
elaborate in the space provided. ' o

L Hlas your doctor ever told you to only exercise under his/her supervision?
Have you ever felt any pain in your chest during physical activity'?

In tﬁhe past fo'u'_r weeks, have you had any chest puin'when you were nm doing
physical activity? ' o S ' N D
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Do you ever lose consciousness or have dizzy spells?
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‘Do you have a bone or joint problem?
Are you currently on any doctor prescribed medicine?

Is there any other reason why you should not do physical activity?




 APPENDIXC

~ INFORMED CONSENT




? | The Testing of a New Method for Collecting Rating of Perceived Exertion Data During,
Treadmill Exercise S -
' ' INFORMED CONSENTI .

test a new method for obtaining rating of perceived exertion (RPE). I consent to
‘publication of study results so long as the information is anonymous and disguised so that
- no individual identification can te made. I further understand that althonugh a record will
- be kept of my having participated in the experiment, all experimental data collected from
‘my participation will be identified by number only, -

I ., give my informed consent to participate in this study to

I have been informed that my participation in this experiment will involve my
performing a maximal treadmill exercise test to volitional exhaustion. During the
“test I will have to breathe through a mouthpiece for the collection of oxyger, and
‘wear a heart rate monitor,. ' -

I'have been informed that the general purpose of this experiment is to determine if )
the conventional method or the new method of obtaining RPE yield truer data,

- Thave been informed that during the exercise test, I may feel tired, light headed,
or experience shortness of breath. Tripping, fainting, or falling may also occur
resulting in injuries such as sprains, strains. ot broken bones, There is also the
rare posstbility of heart attack or stroke. These risks and discomforts will be

“minimizes by having only trained personnel administer the exercise test.

- Thave been informed that there are no “disguised" procedures in this experiment,
All procedures can be taken at face value, '

B have been informed that the investigator will gladly answer any questions _
regarding the procedures of this study when the experimental session is complete,

[ have been informed that I am free to withdraw from the experiment at any time

- without penalty of any kind.
Concerns about any aspects of this study may be referred to Matthew Washbuen at
784-8676, or Dr. Richard Mikat at 129 Mitchell Hall or 785-8182,

Experimenter - - Experimental Participant

- Date
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APPENDIX F

MANIPULATION OF THE ANALOG DIAL
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APPENDIX G

SCATTER PLOT OF RPF VS PERCENT OF GRADbD FXBRCIS E

TIMB USING THE BORG SCALE







APPBNDIX H

SCATTER PLOT 0}* RPE VS PBRCENT‘ OF GRADED BXF RCISF‘

TIME US ING FHE ANALO(‘ DIAL
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RPE (Ohms)
O

o
o

40 50 60 70 80 90
P'erce'ntof_Gra'ded Exercise Time ' -
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RLVIEW OF RELATBD LITERATURJ:

Suchctive rating scales may be used to communicate sensations experlenccd
durlttg physlcal actwlty Among these scales arethc dyspnea scale, the angina sca]e, and
_ thc cldudlcaticn sc.rle (2). The most frequently used subjective ratmg scales mcusure '
o percewed exertion during exercise Thcse scales translate subjectlve feelings of

) physio]ogical stress into objective piecesof data,
N Phystological and Ps'cholol_ica]_Basis of Perceived E,
| Exercise perceptions emanate from a variety of physiologicul and psychological
. sources, The physiologtcal factors which inﬂuencc perceived cxertlon include

. resprratory/mctabcllc peripheral, and nonspecific medtaters (39).

Resplratory/metabchc stgnals are medlated by venttlatory drive (53), oxygen '

consumptlon (19,22, 49 52), carbon droxrdc excretion (11), heart rate (18,19, 30 46 49)

o 'and blood pressure (26). Perlpheral signals occur through physrologrcal events in active

| muscles and Jomts (39) These events mcludc metabollc acrdosrs (28, 41), ldctic acid

S accumulauon (1,37 54), fast and slow twitch contractrlc prOpertlcs of skeletal muscle

o fiber (29 37), muscle blood ﬂow (12) and blood bome energy substrates (44), The

- nonspeclflc mediators include catecholamme secretion (48), temperature regulatrcn

© (21,46), and exercise induced pain (7).




The psychologrcal factors which influence perceived exertion can bo explumed

under two broad cotcgories. These are situational und dlSpO‘tlllOntﬂ t‘actor.,s (39)

Situational factors lnclude expected duration (40), expectecl performanco (55), the

degree to which one values preeentmg oneself in a socrally deslrable manner (8,10}, and

attentional focus, or the manipulation of SENSOry cues to eontrol consclous awareness

(9,25),

“which one regulatcs sensory mput (42), the degree of femininity or masculimty that can

be 1dentif:ed in both men and women (23), cogmtwe style (35 45), self—-cfﬂoacy (3'3), and

- personallty (34)

The'ﬁrst known rating of perceived exortion scale was developed by Gunnar AV,

Borg (39). Hc measured thts 0-20 pomt percewed exertion s.cale with heart rate and

power output but did not prove it to be lmearly related to either (39), Borg then

redesigned the qcale with a range of 6-20 pointe (4) This new 15 pomt qcale IS W1dely

_used and has bcen found to be hnear and hlghly correlated with phys:ologlc functloning '

(17 18 19 22,30,38,46, 92).

Another scale with fewer categories wa's developed at the University of Pittsburgh

in the early 19703'(39). This 1-9 point scale had pomt 2 anchored with the expression

“not at al! stressful” and pomt 8 wrth the eJ(pressron' “very, very stressful " The

Justlf' ication for the addrtlonal category below 2 and above 8 is that it is very posqlble the




‘subjects can experience sensations’ gr'ea'ter than what they tlhought'to be maxlmal excrt_'ion .
and less than they theu;,ht to be no exertlon at all (31) ‘Two studies, each usmg cycle
ergometry. suggesf. the 9 point scale s leliable and may be used as & val:d prednctor of

heart rate and power output (43 5 1)

-u"_.ll" [yt winis 3 L Y o

, Anolher scale utilized an l | cm line (39) The expression “no exertion at all” Was

.. {,.;; pmr

written on the left and “maximal exertlen” was wrltten on the rlght The subjects mark
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the line, by peneil to mdicate how far the exertion has. progressed from “no exertion at

all.”

Borg (5) produced a study in which the four category seales' previously discussed
- were compared, That 1S the 21 point scale, 15 point scale, 9 point scale and line scale. I

Two separate tests were performed using a cycle ergometer. In the first test, s‘ubJects rode
the cycle ergometer to exhaustion at a censtant power output of 1400 kpm/min'.
Perceived exertion and heart rate were obtained every 2 minutes, The second experiment
consisted of a maximal exertion graded exercise test in which workload started at 600
kpm/min and increased 300 Kpm/min every 6 minutes. The data were analyzed using
correlation tests between heart rate and perceived exertion,

Results of the first test showed correlation coefficients for the 21 point, 15 po1nt,
9 point, and line scales to be very similar at 0,56, 0.62, 0,54, and 0.61 respectively,
Cerresponding coefficients for the second work test were reported to be 0.61, 0.72, 0.52.
and 0.63 respectively. Borg concluded that good correlations between heart rate and

perceived exertion ratings can be obtained independently of which scale is used, and that
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there is a fundamental relatlonshlp between phys:ologde indicators of physucul stress and
~ psychological mdicators,

. Another perceived exertlon scale which has been developed for use in ergonomics
utlllzes a seven pomt scale, Hogan and Flelshman, who developed the scale, examlned 1t
in two mvestlgatlons (24) The results of the fll‘St study revealed that ratlngs of eff’ort

were highly c,orrelated with actual metabolic costs for tralned people (r = 0,81, p < 0, Ol)

- The second study examined scx dtfferences in ratings of percetved effort using untrained

peOple. Resultlng correlatlons for men (r = 0, 80 P < 0 01) and women (r = O 70,

p<0 OI) indicate that rattngs of perceived exertion are good predlctors of metaboilc costs

in task pcrformance. The study also demonstrated that no slgmf:cant dlfferences 4Cross

tasks existed between men and women,

- The final, and most recently developed, rating of perceived exertion scale is the

- 0-10 point category ratio scale presented by Borg (6). The relationship between this scale

and lactic acid accumulation, as well as heart rate, was studied by Noble, Borg, Jacobs,

Ceci, and Kaiser (37). It was shown that perceptual ratings and blood lactate both

.increased with a similar quadratic (square) trend, muscle lactate showed a cubic trend,

and heart rate showed a linear trend.
Yalidity and Reliability of Borg's Rating of Perceived Exertion Scale
Validity and reliability must be established in order for any measurement tool to
be accepted for scientific use. Numerous studies have tested the reliability and validity of

Borg’s 15 point exertion scale. Although many different methods of acquiring perceived




. exertton durmg exercise have been developed (4, 6, 24 39) the Borg '-.cale is the major

o tneasurement technlque uttltzed by exerouse sc:entlsts .-.tnd chmcrans (39)

- Rellablllt}j

The mnttal study which tested the rellabtltty of Borg s rattng scale of percewed

,, exertton was undertaken by kmner, Hutsler, Bergsteinova and Busktrk (47) The scale

was. tested usmg 16 rnale subjeets, 8 Iean and 8 obese. Subjeots performed 2 trials on a

o blcycle orgometer usmg 2 dlfferent protocols. Ono utlllzed a random order protocol

o whtle the other uttltzed a progressive protocol. Correlatton eoefﬁctents for the

' progresswe and random tests were 0 80 and 0 78, respectwely

Smutok Skrmar, and Pandolf (49) had snbjects exercise on a treadmtll at five
progresswe speeds obtatmng percewed exertton and heart rate at each speed SUbJECtS '
were than asked ontwo separate occastons, to subjecttvelyregulate thelr own treadmill
speed at the percewed exertton reported for each speed dunng the first trai! Correlatlon
- coeft‘rcrents between ratmg of percewed exertion and speed and rutmg of perceived
exertion ttnd heart rate for each trial were 0.83- 0. 85 nnd 0 85-0. 87 respectwely
I Rellability was nlso tested by Bar-Or. Skinner, Bushirk und Borg (3) Thoy
studted the relatlonship between henrt rate and percoived exertton for ttendmill and cycle
ergometer exercise. Correlation coefficlents between henrt rate and perceived exertion
wWere deterrnmed to be 0.77 nnd 0 80 for the bicycle and the trendmlll respeetively

Another assessment of the rehabiltty of the Borg scale was overseen by Stmnford

(50) Fourteen oollege age, sedentary females volnnteered to participate in the




o experrment. SubJects completed bteycle ergometer tests arranged in progresswe ond

stool steppmg tests.

_ random order, treadrmll walkmg at a submextmal 1ntensrty, and

B Ratmgs of percewed exertion were requested at the end of each work mtenstty Test-—
retest reltabthty coefftc:ents were 0.90 for the progressive brcycle fest, 0 71 for the
random test and 0. 76 for both the stool stepptng exercrse and the submexrmol treadmill
walktng task
Mtt_s

Skmner et al. (47) exarnmed the valrdtty of Borg S percewed exertton scale. They

did this by havmg subJeets eyele usmg both progresswe and random protocols. The

results showed that there were no signtﬂcant differences (p > 0.05) between the

a perceptual ratings for the protocols.

Stamford tested the va]idity of the Borg settle by exttmming heart rute/peroewed

exertion plots (50) Whtle there was htgh intermdwiduul vorrabtlity with re.spect to heart
- rate al i given workload i high]y lmeor reletionshrp between heart rute and rntmg of
perceived exertion was demonstrated when mean responses were eonsrdered Stumforcl
eoncluded “The rating of percewed exertion soale is supported as u vnlid tlnd reltnble
lnstrument for the ussessment of the degree of encotmtered stress durlng work effort ( 50
p.59). '
- Other studies huve also tested the vulidlty of the Borg scele by showing 0 llnenr

relntionship between ratmg of percelved exertion and heart rate (18,19,30,38,46,52), and




- ratmg of percewed exertton and oxygen consumptton (17,19, 22 46) durrng d:fl‘erent

' , modcs of physncal acttwty .
- .Percewed Exertion and Graded Exercise Testing
Ratings of perceived exertion are most frequently used during graded exercise
testing as anadjunctivemcasure of funotionalexeroisetolerance (39). Since cxertional .
. :percepttons are related to resplratory/metabohc and peripheral physrologtcal medlators
ratmg of pcrcewcd exertlon provrdes a subjecttve measure of exerctse tolerance that

complernents objectwe physlologtcal measures (39)

~ In order for a graded exercrse test to be Judged valid perceptual and phyStological
I‘CSpon“eS must be lmearly related across a variety of intensit:es (39). Gamberale (19)
exammed thls linearity using a maxtmal cycle ergometer test gtven to 12 collegc age
males. Each subJect exerctsed for 6 mtnutes at workload@. of 300, 600 and 900 kpm/rmn
and at a workload which was predicted to exhaust the subject in about 5 minutes. Heart
_ rate, oxygen uptake, blood lactate and percelvcd exertion were determined during the last
minute of every exerctse period Results t.howed that ratlng of perceived cxertlon .
: increased llnearly wrth all vnrtablcs, and the correlatron coefficient between pcrceived
' exertlon and heart rate was cornputed at 0 94
’I he relationship betwccn rctmg of perreived exertion, heart rate, and oxygen
- consumption hns also been evaluated graphlcally by Skinner. Hutslcr, Bergsteinova, and
. Busklrk (46) It was found to be a lineat relationshlp for bicyclc and treadrnill exercise, .

In difi‘crcnt environmental tempernturcs. and for lean and obese individuals,




Perccrved excrtron is also a valuable gurde as to the progressron of a graded

- exercrse test. Thc increment in rattng of perceived exertion from one test stage to the

- '_"-next can be used to estrmate rate of progress toward the test end pomt When the htghcst

: scale category is reported it provrdes sub_rectwe confirmatron that physmlogtcul end
' pornts of tho test have beon achtevcd (39) . I
Noblc (36) states tha as a goneral rule, pooplc will not be able to complete more
' than one addttronal stage of thc Bruce treadmtil protocol after respondrng wtth a -
percewed cxcrtton of 15 on the Borg scale. Also. Smutok et al, (49) found that on o
_ horrzontal treadmtll a waikmg speed Increment of l 7 km/hr elicited a percewed exertion '
_increase of two rating units, while | mcrements of the samc amount durmg mnning
prodttced a one unrt increase on the Borg scale of perceived excrtton. erewrse. Kntncn,
Pandolf and Cafarelii (27) showed that during oycle crgcmcter testing, an tncremcnt of

300 kgm/min elrcrted i one unit increase.
. mwmmsmﬁds

Exerclse prcscrlption can _be 'baSeid onphysiolog‘ical tesponses (such as oxygcn

o ccnsumptton or hcart rate), cllnlcal responses (such as electrccardicgram abnormalrtres or

blood pressure abnormalities). or perceptual responses (such as rating ct‘ perceived
exertion)_(2). Since rating of perceived exertion is functionally related to physiological
and clinical responses, it may be used for both the prescription and regulation of exercise

Intensity (39)




Dtshman Patton Snnth Wembergr and Jackson (14) perfonned an extensive

- 'study whtch examlned feedback of heart rate and heart rate combtned w1th ratmg of

percewed exertlon These researchers exammed which type of feedback during a graded

' cxerc:tse test and durtng carly tttais of freid tramtng,

would reduce the errors commonly

: seen when trammg heart rate range IS self momtored by participants. Thnty maie

eubJects were randomly assrgned to three groups' control heart rate feedback and ruttng

_ oi‘ percetved exemon and heart rate fcedback All subjects were given a modtﬂed Balke

treadmtii test The control group was gwen no feedback whiie the heart rate feedback

, group was. informed when thetr heart rate was tcn and ﬁve beats below, eqﬂai to, and -five

and ten beats above a previously calculated target heart rate. The subjects } m the heari rate

. and rating of perceived exertion group were given the same heurt rate feedback as the

prewouq group, and etatements of perceived exertion using Borg' s 6 to 20 potnt category

scale were ehcited wnhin five seconds of each corresponding heart rate feedback

Foilowmg the g.aded exercise test, but on separate tlays, all qubjects performed

' three trials of an 800 meter walk/jog Fach group was lnanueted to achieve a traintng

heart rate represennng 60% cf the uvaliable heart rate range as determined through the

treadmill test.' Heart rates Were obtained by experimenter 8 palpatton of carotid pulse

_ immediately upon completion of the exerciee, Control subjects were Instructed how the

training heart rate was calculated but not told their nutnber. Subjects In the heart rate
group were instructed (0 attempt to reproduce their training heart rate based upon memor y

of the heart rute feedback from the exereise test. The subjects in the combined heart rate _




and percewed exertion group were mstructed to attempt to repreduce trammg heart rate

based upon memory of the heart rate and ratmg of percewed exertton ieedback during the '

treadtmll test, and were gwen a card wnh the Borg scale All eubjeets were provided With

 heart rate feedback followmg each fic]d trial so that mtens‘ity m'ight‘ pe adjusted
3PPf0Prt,ately for the next trial. . - '

Results of the study suggest the graded exercise test leernmg protoco] combmmg

- heart rate and ratmg of percewed exemon feedback was effective (p < 0. 05) in reducing

trammg heart rate overestimates during the ﬁrst day of ﬁeld trammg Also, trial three

ehowed u margmally e:gmf:cant (p < 0.06) dlfference between rating of percewed

exertion and heurt rate grOUp when contrasted Wllh the conttol group

Research has alse been perfenned on the regulatlon of exereise mtensity by

' perceived exertion for treadmiu cycle ergometer exercise (15), It was found that rating of |

perceived exertion ie a valid tool for the regulatlon oi‘ exercise intenslty durmg treudmill

. exercise only. This was shown by lhe oxygen consnmptlon and heurt rate values not

differmg t‘rom the target values at any time durmg treadmtll work., These findings are .

supported by other studlee mcludlng those by Dunbar el nl ( 16), :luss, Knowlton, and

. Becque (20), mtd Chow and Wilmore (13).

The relatlomhip between mtmgs of perceived exertion and exercise levels in

.. rowlng ergometry has been studied by Marriott and Lamb (32), They used hine

_competitive male rowers, Bach rower eompleted two exercise sessions on a Concept 11

model B rowing ergomett t. The first session eonslsted of an incremental protocol
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, des gned to elicit a range of work outputs and heart rates. At each intensity level,

- perceived exertion was indicated using Borg's 15 point scale. The second session, which

- occurred 7 to 14 days later, consisted of the subjects reproducing exercise intensities
corresponding to tating of'percéiVed exertion values of 15, 11, 17,13, and 19, Re‘sults"of

the study revealed high correlations between heart rate and perceived exertion (r = 0.95,

: p <0.01) la'nd work output and perceived exertion (r = 0.96, p <0.01),




ety

-
o ", . - -

i A e ':I FE - A ] " Sl .__F_f__" ‘I'r.r

L " .‘_:*‘:. oo - . . . J
= : 3 -

= . - . ' -
- ‘ . - -r'r - _ -.j.'-

L‘ - " - o - . h’ Ll 1T

- - o - - -
e A Tt K

REFERENCES

Allen, P. D. and K. B. Pandolf, Perceived exertion associated with breathing
- hyperoxic mixtures during subraaximal work. Med. Sci, Sports. 9:122-127, 1977,

a
- . R .
- A . s - \ - - A - . . .
o L Lok L -, i ] - . + - c -
- y *. - Bl B - - - - Pl ey L *
" - ] -l " - . L] *m - r
" - o ) -
- - ey . ] ! - - - Tk - -
L e N 1 - k] - il -
. - i o . -
e T, ' ¥ . e A : e e

-:'h- AL
by i -,
e
£

o

American College of Sports Medicine, Guidelines for Exercise Testing and

Prescription, 5th Bd, Baltimore, PA: Williams & Wilkins, 1995, pp. 99-100, 103-

LT

104,213

Nt e,

Bar-Or, O,, J. S_.,Ski’n'n_er. E. R. Buskirk, and G. Borg. Ph siological und pereeptual
- indicators of physical stress in41 t ' vary tn conditioning level
and in body fatness, Med. Sei, - '

Borg, G The perception of physical performance. Frontiers ofF:'mé.c.s'.
- Springfield, IL: Charles C Thomas, 1971, pp. 280-294, '

‘Borg, G. A. V. Perceived exertion: A note on “history” and methods, Med, Sci
Spom*. 5:90-93, 1973, . - -

‘Borg, G A. V., Psychophysical bases of perceived exertion. Medl Sei. Sporty
Exerc, 14:377-381, 1982, o . .

‘Borg, G., G. Ljunggren, and R. Ceci. The increase of perceived exertion, aches and
pain in the legs, heart rate und blood lactate during exercise on 4 bicycele ergometer,
Euwr. J. Appl. Physiol 34:343-349, 1985, ' - '

Boutcher, . H., L. A. Fleischer-Curtian, and . D. Gines, The effects of self-
presentation on perceived exertion, J Sport Exere, Psyehol, 10:270-280, 1988,
Boutcher, S. H. und M, Trenske. The effects of sensory deprivation and music o
perceived exertion and affeet during exercise, J, Sport Evere, Psychol, 12:167-176,

Bubb, W. 1., B. C. Myers, R, P. Claytor, D, L. Varnun, L. Watts, and B, D, Franks.
Experimenter effects in exercise tolerance lesting: The race and gender of the tester
- and the tester/subject relationship, Res. Q. Exere. Sport. 56:370-377, 1985,

1. Cafarelli, B, and B. J, Noble, The effect of Inspired carbon dioxide on subjective
' estimates of exertion during exercise. Ereonomics, 19:581-589, 1976,




2. Cain, W. S. and J. C, Stevens. Constant-¢effort contractions related to the
clectromyogram, Med. Sct, Sports. 5:121-127, 1973, ' -

13, Chow, R, J, and J. H. Wilmore. The regulation of eXercise intensity by ratings of
~ perceived exertion, J. Cardiac Rehab. 4:382-387, 1984, - -

14, Dishman,R. K., R, W. Patton, J. Smith, R. Weinberg, and A. Jactkson. Ui's,ing | .
~ perceived exertion to prescribe and monitor exercise training heart rate. Ins, J,
Sports Med, 8:208-213, 1987, S o o

. Dunbar, C. C,, C. Goris, D. W, Michielli, and M. L. Kalinski Accuracy and
reproducibility of &n exercise prescription based on ratings of perceived exertion for
treadmill and cycle ergometer exercise. Percept, Motor Skills, 78:1335-1344,
1994, | -' - - '

- Du'nbur; C. C., R, ], Robertson, _R;_Baun, M. F Blandin, K. Metz, R. Burdett, and F.
L. Goss. The validity of regulating exercise intensity by ratings of perceived
‘exertion, Med, Sci. Sports Exerc, '24:94'-_99, 1992, ' ' '
17, Ekblém,'B. and A, N. Goldbarg, The influence of physical training and other
- factors on the subjective rating of perceived exertion. Acta Physiol, Scand, 83:399.
- 406, 1971, - '

18, ~Eston, R, G. and J. G. Williams, Exercise

W U _ Xercise intensity and perceived exerlion in
adolescent boys. Br. J. Sports Med, 20:27-30, 1986, -

19, Gamberale, E. Perceived exertion, heart rate, oxygen uptake and blood lactate in
- different work operations. Ergonomics 15:545-554, 1972, '

20.  Glass, S. C,, R, G. Knowlton, and M. D. Becque,
- exetcise to establish exercise trainin
1307, 1992,

Accuracy of RPE from graded
g intensity. Med. Sci, Sports Exere. 24:1303-

21, Glass, S. C,, R, G. Knowlton, and M. D. Beeque. Perception of effort during high-
- Intensity exercise at Jow, moderate and high wet bulb globe temperatures, Eur, J
Appl. Physiol. Oceup, Physiol, 68:519-524, 1994, -

Goslin, B. R, and 8, C. Rorke. The perception of exertion during load curriage.
Ergonomics. 29:677-¢36, 1986, _ '
Hochstetler, S. A, W, J. Rejeski, and I, L, Best. ‘The influence of sex-role
orientation on ratings of percetved exertion, Sex Roley. 12:825-835, 1985,




4

‘Hogan, J. C. and E. A. Fleishman. An index of (

n an. An i 1e physical effort required in
human task performance. J. Appl. Psychol 64:197-204, 1979, -

- Johnson, J. and D. Siegel. Active vs. passive attentional manipulation und
~ multidimensional perceptions of exercise Intensity, Can. J. Sport Sci, 12:41-48,

1987,

. Juhani, I, S. Pekka, and A, Timo. Strain while skiing und hauling it,slcdge ot

30.

J

8:109-116, 1987,

- carrying o backpack. Eur. J. Appl. Physiol. Occup. Physib!_. 55:597-603, 1986,

Kamon, E,, K. Pandolf, and E. Cafarelli. The relationship between perceptual
information and physiological responses to exercise in the heat, J, Human Ergol,

Kostka, C. E. and E Cafarelli. Effect of pH on sensation and vastus lateralts
“electromyogram during cycling exercise. J. Appl. Physiol.: Respir. Environ, Exerc.

~ Physiol. 52:1181-1185, 1982

Ljunggren, G., R, Ceci, and J, Karlsson, Prolonged exercise at a constant loadona
bicycle ergometer; Ratings of perceived exettion and leg aches and pain as well as
measurements of blood lactate accumulation and heart rate, Inr, J. Sports Med,

Lollgen, H.,_H. V. Ulmer, and G. V. Nieding, Heart rate and perceptual respm\sc to
exercise with different pedalling speed in normal subjects and patients. Eur. J.

Appl. Physiol. Oceup, Physiol, 37:297-304, 1977,

MureSh. C. M., and B. J. Noble. Utilization of perceived exertion ratings during

‘exercise testing and training, Cardiac Rehabilitation: Exercise Testing and

~ Prescription. Champaign, IL; Life Eiﬂmncemcnt Publications, 1984, pp. 155-173.

~ Marriott, H, E. and K, L. Lamb. The use of ratings of perceived exertion for

regulating exercise levels in rowing ergometry, Eur. J, Appl. Physiol, 12:267-271,
1996, '

McAuley, E. and K. S. Courneya. Self-efficacy relutionships with affective and
exertion responses to exercise, J. Appl. Soe. Psychol, 22:1312-326, 1992,

Morgan, W P. Psychological factors influencing percelved exertion. Med. Sei.
Sports, 5:97-103, 1973, '

Morgan, W. P. and M. L. Pollock. Psychological characterlzation of the elite
distance runner, Amn. N.Y, Acad. Sci. 301:382-403, 1977,




. -Noblc B J, Clinical dpphcatlons of puccwud exemon Med, Sci, Sporrs Exere,
“14 406-411, 1982 '

37, Noblo B.J, G AV, Borg,l Jacobs, R. Cect and P, Kamer Acategory ratio

- perceived exertion scale: Relationship to blood and muqcle Ioctates and heart rate,
- Med, Sei, Sports Exerc, 15: 523-528, 1983, - -

Noble, B, J K, F. Metz. K. B. Pdndo]f C. W, Bell E, Cafare!ll and W E. Sime.
~ Perceived exemon durmg walkmg and runnmg—II Med \Ya? Sporrs N} 116 120,
1973 - . _ )

Noble, B.J. and R. . Robertson Percewed Exertion. Champaign, IL: Hunmn -
Klnetlcs, 1996 1-293, .

. Rejeski, W, J. and P. M, Rlblsl Expected taek duratlon and percewod effort An
attributional analysns. J. Sport Psvchoi 2:227-236, 1980, - -

Robertson, R, J., J. E. Falkel, A. L. Drash, A, M Swank, K F. Metz,S A, Spungen.
~and J, K. LeBocui Effect of blood pH on peripheral and central signals of '
poicewod exertion, Med. Sei. Spmrs Exerce, 18 | 14-122, 1986.

Robertqon R.J,R.L. Gillespie, E. Hiatt, and K. D. Rose. Perceived exertion und '
stimulus mtenslty modulatlon. Perwpr Moror Skills. 45:211 -218, 1977,

. Robertson, R.J,R. L. Gillespie, J. Mchrthy, andK D. Rose. leforennated
~ perceptions of exertion: Part I. Mode of integration of regional signals. Pr»'rcepr

- Motor Skills. 49: 683-689, 1979,

. Robertson, R, J,F. L. GosmT E. Auble,D A. Cassinelli, R. J. Spma, E L.
Glickman, R, W Galbreath, R, M, Silberman, and K, F. Metz. Cross-modal

exercise prescription at absolute and relative oxygen uptako using perceived
exertion, Med, Scl Sporrs' Exerc, 22: 653 659 1990,

. SChomer, H. Mental strategles and the percoption of cffort of marathon runners.
Int. J, Sport Psychol. 17:41.59, 1986, '

Skinner,J. S, R, Hutslet V. Bergstemova and B, R, Buskirk, Perception of effort
during dif Fcrent types of exerclse and under different onwronmcntu] conditions,

Med, S, i Sports. S: 110-115, 197’%

Skinner, J. S., R. Hutsler, V. Bergstelnova, and E. R, Buskirk. The validity and
rellability of a rating scale of perceived exettion. Med Sci, Sports. 5:94.96, 1973.




- Skrinar, G. S., S. P. Ingram, and K. B, Pandolf. Effect of endurance trai_n'ing'.on.-'-' .
- perceived exertion and stress hormones in women. Percept. Motor Skills, 57:1239-
1250, 1983, ' ' ” ' '

). Smutok, M. A, G. S. Skrinar, and K. B. Pandolf. Exercise intensity: Subjective
‘regulation by perceived exertion. Arch. Phys. Med. Rehab. 61:569-574, 1980.

. Stamford, B. A, Validity and reliability of subjective ratings of perceived exertion
during work. Ergonomics, 19:53-60, 1976. .ﬁ - o
Smm_ford-, _B;. A. and B. J. Noble. Metabolic cost and perception of effort during

‘bicyele ergometer work performance. Med. Sci, Sports. 6:226-231, 1974,

. 'T_one‘r, M. M,, L. L. Drolet, and K. B. Pandolf. Perceptual and physiological o
responses during exercise in cool and cold water. Percept. Motor Skills, 62:21 -
220, 1986. ' o - - '

Yorio, J. M., R. K. Dishman, W. R, Forbus, K. J. Cureton, and R. E. Graham.
. Breathlessness predicts perceived exertion in young women with mild asthma.
- Med. Sci. Sports Exerc, 24:860-867, 1992, o

Young, A. J., A, Cymerman, and K. B, 'P__undolf.' Differentinted ratings of perceived
exertion are influenced by high altitude exposure. Med, Sei. Sports Exere, 14:223-
228, 1982, ' ' I ' '
Zohar, D, and G. Spitz. Expected performance and perceived exertion in a

prolonged physical task, Percept, Motor Sk_z‘!l.'s'. 52:975-984, 1981,






